Objective. To assess trends in long-term (i.e. 53 months) oral glucocorticoid (GC) prescriptions over the past 20 years.
Introduction
The earliest reports of the efficacy of compound E (i.e. cortisone) in RA were published in the late 1940s [1, 2] . Since then, glucocorticoids (GCs) have been the cornerstone for the treatment of immunological, neoplastic and allergic diseases, but their adverse effects can counter their beneficial effects and can cause concerns about their long-term use. However, in a community-based study published in 1996, 303 (0.5%) out of 65 786 patients received long-term systemic GCs, the most common indications being RA (23%), PMR (22%) and asthma/chronic obstructive pulmonary disease (COPD) (19%) [3] . There are no longitudinal data on prescribing trends of GCs over time and the indications for long-term prescriptions of the drug. Moreover, the availability for some diseases of more targeted therapies (e.g. anti-TNF) could have led to different patterns of GC use.
We aimed to investigate: (i) the overall prevalence of long-term prescriptions of oral GC therapy in the general population and its trend over a 20-year period; and (ii) the pattern of use in prevalent and incident cases of RA, PMR/ GCA, asthma, COPD, Crohn's disease and ulcerative colitis (UC).
Material and methods

Data source: The Health Improvement Network
Approximately 98% of the UK population is registered with a general practitioner [4] . The Health Improvement Network (THIN) is a database of electronic medical records from 429 general practices (GPs) across the UK. Participating general practitioners systematically and prospectively retrieve and record on their computer the clinical information of patients, including demographics data, diagnoses and prescriptions, thus providing a longitudinal medical record for each patient. Both consultations and prescribing data recorded in THIN are representative of those across the UK [5] . Prospective data collection in THIN began in September 2002; however, in many practices, electronic records were used as early as 1987 and these data are included in THIN. THIN has been validated by previous audit and independent studies that have demonstrated a high level of completeness of clinical diagnostic and prescribing data [510] . In order to ensure good-quality data and to avoid biases in disease occurrence or prescriptions, we defined our study population using a range of quality indicators (e.g. acceptable mortality reporting) that have been well established and clearly defined elsewhere [5, 11] . We excluded data entered in the first 6 months following registration with the GP as this could represent retrospective recording of a past history rather than a new episode of a problem [12] .
GC prescriptions and study population
Each drug is encrypted using multilex codes and is associated with information from the British National Formulary [13] . We selected all the codes for oral GCs, i.e. prednisolone, prednisone, hydrocortisone, dexamethasone, triamcinolone, betamethasone, methylprednisolone and deflazacort. We identified all people aged 518 years who received at least one oral GC prescription and we included data from January 1989 to December 2008. For multiple consecutive prescriptions, the treatment time was taken as the time from the first to the last GC prescription plus the duration of the last prescription. Patients who received a new oral GC prescription after a period of at least 3 months without any other GC prescriptions were considered to have started a new treatment course. A long-term prescription of GCs was defined as a treatment lasting at least 3 months [3, 14] .
Identification of underlying diseases
All diagnoses and symptoms are recorded using the Read classification system [15] . Indication for oral GC treatment was obtained by reviewing the medical diagnosis recorded on the same date as treatment was started. If no medical diagnosis was recorded on this date, we searched for relevant chronic conditions recorded closest to when the prescription was issued, up to 2 years before or 1 year after. We then focused our analysis on six diseases, i.e. RA, PMR/GCA, asthma, COPD, Crohn's disease and UC. We chose to study these diseases for three reasons. First, because they frequently require GC therapies. Secondly, to assess the use of GCs in diseases for which new therapies such as anti-TNF are licensed (e.g. RA, Crohn's disease and UC) and compare this with diseases where this is not the case (e.g. PMR/ GCA). Lastly, we wanted to compare diseases for which national recommendations regarding GC use are available (e.g. asthma or COPD) with those where this is not so (e.g. PMR/GCA). We defined the start of the disease as the first entry in the clinical notes if it started after the person entered the cohort or as the date of entry in the cohort if the disease was already in progress at that time. Primary care records rarely have an indication of whether a disease resolves. Therefore, we defined the end of the disease as 5 years after the last recorded event or prescription (up to end date) for RA, asthma, COPD, Crohn's disease and UC and 3 years after the start of the disease for PMR/GCA [1618] . We chose to define an arbitrary disease end date as some of these diseases may be cured (e.g. UC after surgery) and because we felt it was unlikely that a patient would have been affected by a disease such as RA, Crohn's disease or COPD without having had any medical event or prescription related to the condition for >5 years. This cut-off, however, had little effect on the denominators as few individuals were followed up >5 years after their last record or prescription related to the disease. Due to low number of patients with and/or receiving long-term GC therapy for less common conditions such as Crohn's disease or UC in 1989 and 1990, our analyses started in 1991.
Statistical analysis
Prevalence of prescriptions of oral GCs in the whole population according to calendar time was estimated by dividing the total duration of short-term (i.e. <3 months) or long-term oral GCs by the total duration of follow-up. The prevalence of long-term prescriptions issued for each of the six diseases of interest was determined by dividing the number of person-years with the condition receiving long-term GC therapy by the total number of person-years with the condition. We used Poisson regression models adjusted for calendar year, sex and age and weighted by the number of person-time present in a given year and the full population in each calendar year to predict the risks of receiving long-term GC therapy by year and by underlying disease and to assess variations over the 20-year period. We found an interaction between age and sex and, therefore, stratified our analyses by sex. The KaplanMeier survival function was used to assess the median duration of treatment according to its year of initiation. The proportion of patients starting a long-term GC course for a given disease during each calendar year was assessed by dividing the number of courses of long-term GC therapy initiated during this year by the number of patients with the disease present in the cohort at the mid-point (June 30) of this year. Poisson regression models stratified on sex and adjusted on age were used to assess variations of these proportions over time. Continuous variables are described by median and www.rheumatology.oxfordjournals.org 2575th percentile values. Categorical variables are described as proportions and 95% CI. Means were weighted by the amount of person-time present in a given year. All tests were two-sided, with P < 0.05 considered statistically significant. Stata, version 11.0, 2009 (Statacorp, College Station, TX, USA) was used for all analyses. The study has been approved by UCL THIN steering committee and by the Cegedim Strategic Data scientific review board.
Results
Description of long-term GC use
The study population consisted of 4 518 753 adult patients representing 26 035 154 person-years of follow-up. Among them, 384 897 patients were prescribed oral GCs and 102 132 [women: 59.3%, median age at first long-term GC prescription recorded in THIN: 67.4 (54.076.8) years] of these people received 167 886 long-term treatments. Prednisolone was the most frequently prescribed (92.3% of long-term prescriptions) followed by dexamethasone (3.5%), hydrocortisone (3.3%), betamethasone (0.5%) and prednisone (0.2%). The median daily dosage of prednisolone equivalent over the follow-up was 7.5 (5.011.3) mg and the median duration was 215 (126490) days [vs, respectively, 30 (1539) mg and 9 (610) days for treatments 43 months]. Over a period of 20 years, asthma, PMR/GCA and COPD were the most frequent indications for long-term GC therapy ( Table 1) .
Prevalence of long-term GC use
GCs were prescribed over 220 195 person-years, of which 194 065 person-years were long-term treatment. Over the 20 years, the mean prevalence of oral GC prescriptions was 0.85% (95% CI 0.84, 0.85) for all types of GC therapies and 0.75% (0.74, 0.75) for long-term therapies (Fig. 1) . For long-term prescriptions, this was the lowest in 1989 [0.59% (0.52, 0.67)] and highest in 2008 [0.79% (0.78, 0.80)]. Over the whole period, long-term prescriptions were significantly more commonly issued to women rather than men but increased significantly both in women and men (Fig. 1) . The lowest prevalence [0.08% (0.07, 0.09)] was observed in men aged 1829 years and the highest [3.05% (3.01, 3.09)] in women aged 8090 years.
Prevalence of long-term GC use in six diseases of interest
Over the study period, the mean prevalence of the six diseases in the UK population was 0.53% (0.52, 0.54) for RA, 0.21% (0.21, 0.22) for PMR/GCA (0.87% in people >50 years), 8.58% (8.13, 9.02) for asthma, 1.65% (1.54, 1.76) for COPD, 0.17% (0.16, 0.18) for Crohn's disease and 0.23% (0.22, 0.24) for UC. Prevalence of asthma, COPD, Crohn's disease and UC increased over time. The overall prevalence of long-term oral GC prescriptions was 13.3% (12.8, 13.8) in patients with RA, 62.4% (60.7, 64.1) in patients with PMR/GCA, 1.3% (1.1, 1.4) in patients with asthma, 3.7% (3.6, 3.9) in patients with COPD, 6.9% (6.1, 7.6) in patients with Crohn's disease and 4.5% (4.3, 4.7) in patients with UC (Fig. 2) .
Over the study period, prevalence of long-term GC prescriptions was significantly greater in women than in men with PMR/GCA [odds ratio (OR) 1 
1985
Prevalence of long term glucocorticoid use prevalence of long-term GC prescriptions significantly decreased in both sexes in patients with asthma, COPD and Crohn's disease, but increased in those with RA or PMR/GCA and remained stable in patients with UC (Table  2) . However, taking into account only incident cases (i.e. patients with a first record of the disease after their entry in the cohort), the prevalence decreased in patients with RA and UC (Table 2) . Overall, the median duration of long-term GC prescriptions did not differ between men and women with RA, asthma or COPD, whereas it was 45.4 (28.462.4) days longer and 44.2 (À83.1 to À5.3) days shorter for women compared with men with PMR/GCA and Crohn's disease, respectively. Women with UC tended to be treated with shorter courses [À22.6 (À53.07.8) days] than men (Table 3) . Over time, it decreased in patients with COPD and Crohn's disease and increased in patients with PMR/GCA. Meanwhile, the proportion of patients starting long-term GC therapy by calendar year did not increase for any of the six diseases, but decreased significantly in patients with asthma and Crohn's disease (Fig. 3) .
Discussion
We found that prescribing of long-term GCs is high and increased by nearly 34% between 1989 and 2008. The likelihood of being prescribed long-term systemic GC therapy was related to sex, age and the underlying disease. The increase in the prevalence of use during the 20-year period of our study could be explained by: (i) an increasing duration of long-term prescriptions for some diseases such as RA and PMR/GCA; and (ii) an increase in the prevalence of some common disease frequently requiring long-term therapy with GCs such as asthma or COPD. The proportion of patients starting long-term GC therapy by calendar year did not increase over time for any of the six conditions studied.
Although oral GCs have been used for >60 years, there are limited data on their prescription in the general population. Only one cross-sectional survey published in 1996 has reported data on long-term therapy [3] and another study has reported on total prescriptions of GCs with no specific data on long-term use [19] . Our results on the overall and specifically long-term GC use compare favourably with the data reported in these studies.
We observed very different patterns of use of GC therapy between men and women unlike those previously reported [19] . Women with PMR/GCA were treated for a longer period and those with Crohn's disease or UC for shorter duration. Such disparities between the sexes have been previously reported for PMR/GCA [20, 21] , but it is unclear whether this is explained by a different course of the disease or by different patterns of GC tolerance between the sexes.
Our results on the overall prevalence of the six diseases of interest and the increase in prevalence of asthma, COPD, Crohn's disease and UC compare well with other studies conducted on similar populations [2231] . Over time, different trends of long-term GC prescriptions were observed for these diseases. Following national clinical recommendations, fewer people with asthma were prescribed long-term GC therapies and people with COPD were treated with shorter therapies [32, 33] . The decrease in long-term GC prescriptions in patients with Crohn's disease may be explained by an increase in the use of immunomodulator and infliximab [34] . The increase in GC prescribing in patients with RA and PMR/GCA was explained by the increase in duration of therapy rather than an increase in the proportion of people treated, which remained stable over time. This may have been favoured by the recent demonstration of the diseasemodifying effects (e.g. anti-erosive effects and remission rate) of GCs in RA [35, 36] .
In the UK, anti-TNF therapies such as infliximab have been licensed from 1999 for Crohn's disease, 2000 for RA and 2005 for UC. In our population-based cohort, it is unclear whether the availability of these new drugs, which are prescribed in a small proportion of patients [34, 37] , has had a large impact on the prescription of GCs in people with these diseases. However, for these diseases, we found that long-term GC prescriptions for incident cases was lower than for both prevalent and incident cases, highlighting a change in physicians' practices over time.
Our study has several strengths, including the use of population-based, unselected population of patients with a wide range of diseases, the inclusion of all adult age groups and the coverage of a 20-year period. However, there are some limitations, potential inaccuracies in prescription information being the first one. For instance, quite often GCs are prescribed in a higher starting dose and then tapered down. A high daily dosage may be put on the prescription, patients being asked orally to progressively decrease the dosage, depending on their health status. In this case, although, for example, the computer records may indicate that a person was prescribed 40 mg GCs for 2 months, in reality the patient may have used the drug for 4 months in a tapering dose regimen. Although this may have led to an underestimate of the prevalence of long-term GC use, it would not have impacted on the trends over time. Further, it may be suggested that prescriptions written by specialists may not have been recorded by general practitioners. However, within the context of the UK national health system, all therapies even if initiated by specialist must be prescribed in the long term by general practitioners. Lastly, for each GC course, we defined the time on GCs as the time between the first and the last prescription plus the duration of the last prescription. Thus, we assumed that the patients had been taking GCs constantly between these two prescriptions. However, because of adherence issues or because of partial remission of the disease they might have stopped taking GCs during that time. The second potential limitation may be inaccuracies in the validity of diagnostic in the data set. Indeed, although diagnostic information recorded in THIN or other equivalent GP database has been previously validated [510] , in particular in the field of pulmonary or rheumatological diseases [38, 39] , some concerns have been raised about the quality of reporting of the validations [40] . However, the prevalence rates of the six diseases under investigation in this study are consistent with that reported in other populations [2231], suggesting good validity of the diagnoses on THIN. Thirdly, changes in the data collection system (e.g. introduction of the quality of outcome framework) have occurred within the study period. It is probable that these changes may have impacted on the level of recording of asthma and COPD diagnosis (as these are specific areas of the quality outcomes framework focus). However, the prescription issued through the electronic medical records would not have changed and it has been shown that the minor discrepancies observed between prescription issues on THIN and national dispensing data have remained consistent over time [41] .
Although long-term GC therapies are associated with high morbidity, financial cost (mainly due to their adverse events), many patients' concerns and a lower quality of life compared with other treatments [4246] , the overall increasing prevalence of their use over time confirms that they remain a cornerstone for many diseases, in spite of the newly developed efficient alternatives. While prescriptions for certain conditions such as asthma and COPD are decreasing, endorsing the fact that the national recommendations have possibly been appropriately applied, the prevalence of long-term GC use in other diseases such as RA and PMR/GCA is increasing. Further work is needed on the prescribing practices of long-term GCs for these conditions by primary and secondary care practitioners.
Rheumatology key messages
. The prevalence of long-term GC prescriptions increased by nearly 34% between 1989 and 2008. . Variations observed over time depended on the underlying diseases. . Physicians' practices regarding long-term GC prescriptions changed over time.
